Background: Literature on the epidemiology of herpes zoster (HZ) in cancer patients is sparse and does not include the elderly. The objectives of this study were to determine the incidence of HZ and related complications in elderly cancer patients and assess risk factors associated with HZ. Methods: Patients ≥65 years diagnosed with cancer in 1991-2007 were identified from the Surveillance, Epidemiology, and End Results (SEER) cancer registry-Medicare linked database in this retrospective, longitudinal, open cohort study. The observation period spanned from first cancer diagnosis until the end of data availability. A random group of non-cancer Medicare patients served as the comparison group. Cases of HZ and related complications were ascertained from medical claims. Incidence rates (IR) and adjusted IR ratios were reported.
Background
herpes zoster (HZ) is a vesicular rash associated with acute pain, caused by the varicella zoster virus (VZV) [1] . An estimated 1 million cases of HZ are reported annually in the US alone [2] . The risk of HZ increases when VZV-specific cell-mediated immunity declines, as a result of older age and/or immunosuppressive medical conditions and treatments [3, 4] .
There is sparse knowledge about the epidemiology of HZ in cancer patients, particularly among the elderly. Estimates from existing literature indicate the incidence of HZ is 2-4 times higher in cancer patients compared to the general population. The most recent literature on HZ in cancer patients covers commercially-insured patients diagnosed with cancer during 2001-2005 [5, 6] . This study contributes to the body of literature by analyzing patients diagnosed with cancer during 1991-2007 and in the Medicare population.
The objectives of this study were to estimate the incidence of HZ, HZ-related pain, and HZ complications in elderly patients with selected hematologic and solid cancers, and to investigate risk factors for developing HZ in this population. Cancers were selected based on their prevalence as well as their known elevated risk of HZ.
Methods

Data source
This study utilized the Surveillance, Epidemiology, and End Results (SEER)-Medicare database, derived from a link between two large population-based data sources: the SEER cancer registries data, which cover approximately 28% of the US population [7] and contain information on cancer diagnoses, tumors, and mortality; and the Medicare enrollment and claims files, which cover the majority of US population aged ≥65 and contain charges and reimbursements for hospital, outpatient, physician, and home health claims. The link between the two databases was created by the US National Cancer Institute and the Centers for Medicare and Medicaid Services by matching individual identifiers from registries participating in the SEER program with identifiers contained in Medicare's master enrollment file. The linked SEER-Medicare data include the records of approximately 93% of SEER cancer patients aged ≥65 [8] . The number of cancer registries covered by the SEER program has expanded over time, including during the period covered by our study.
The SEER program collects information about primary cancers such as cancer site, stage, histology, and first course of treatment for persons newly diagnosed with cancer who reside in one of the SEER geographic areas. The Medicare master enrollment file was used to determine which persons in the SEER data are Medicare beneficiaries. For people who are Medicare eligible, the SEER-Medicare data include claims for covered healthcare services, including hospital, physician, outpatient, home health, and hospice bills. . In addition, a cohort of non-cancer patients comprised of a random 5% sample of Medicare beneficiaries residing in the SEER registry areas is contained in the SEER-Medicare data and was included in our study for comparison. The New England Institutional Review Board approved this retrospective analysis of SEER-Medicare data as exempt from review due to the research involving the study of existing data (informed consent was waived).
Study design
This was a retrospective, longitudinal, open cohort study. From the set of all Medicare-eligible patients in the SEER registry who were diagnosed with cancer from 1991-2007, those who were ≥65 years old at the time of cancer diagnosis, had ≥6 months of continuous insurance eligibility prior to cancer diagnosis, were covered by both Part A and Part B Medicare without Health Maintenance Organization enrollment, and had no evidence of cancer therapy or HZ diagnosis prior to cancer diagnosis were included in the main sample. Patients in the non-cancer comparison cohort were selected based on the same criteria.
The index date for cancer patients was defined as the date of cancer diagnosis. For the non-cancer cohort, an index date was needed in order to facilitate comparisons with the cancer cohorts. This index date for non-cancer patients was randomly assigned such that, following assignment, the mean and standard deviation of Medicare eligibility prior to the index date were the same as those for cancer patients. The observation period ran from the index date to the earlier of the end of data availability (December 31, 2009) or death.
Definitions
An incident HZ case was defined as the first claim for an HZ episode (ICD-9 codes 053.X except 053.12 and 053.13) [9] . Both generalized and localized HZ cases were included. HZ-associated cutaneous, visceral, neurological, and ocular complications were identified by ICD-9 codes on claims within 90 days after any HZ claim in cases for which there was no claim for the complication prior to the date of first HZ diagnosis [2, 10, 11] . Given the time period and availability of data, the following criteria for HZ-related pain applied to the vast majority of patients: (i) two or more visits with an HZ diagnosis more than 28 days apart; or (ii) a diagnosis for HZ with other nervous system complications (ICD-9-CM 053.1x) or a diagnosis for neuralgia (ICD-9-CM 729.2) within 180 days of a visit for HZ. With the availability of Medicare Part D data beginning in 2007, a new prescription for a medication used to treat HZ-related pain was also required within 60 days of the HZ visits in the first criterion. A similar definition was adopted by Klompas, et al. to address the under-coding of post-herpetic neuralgia [12] . This definition accounts for the possibility that pain is underreported in the claims data by allowing for HZ-related pain without a pain claim (see Additional file 1: Table S1 for codes used to identify pain and pain interventions). We include in our estimates of the percentage of patients instances in which claims for HZ-related complications (see Additional file 1: Table S2 for the codes used to identify HZ-related complications) occur on the same claim as the initial HZ diagnosis since this is a relatively frequent occurrence in the data. In these instances, we cannot be certain that what we are observing are incident complications. Hence, the estimates of the percentage of patients developing each complication can be characterized as the prevalence of the complication within the 90-day period following HZ diagnosis.
Statistical analysis
Demographic characteristics, observation time pre-and post-index date, and the Charlson Comorbidity Index (see Additional file 1: Table S3 for the description of the Charlson Comorbidity Index) [13] [14] [15] were reported. Cancer patients were stratified by cancer site and into cohorts based on cancer type (hematologic and solid). Frequencies and proportions (means and standard deviations) were reported for categorical variables (continuous variables). Differences between any cancer and non-cancer, hematologic and non-cancer, and solid and non-cancer patients were tested using chi-squared and t-tests for categorical and continuous variables, respectively.
The HZ incidence rate (IR) was estimated as the number of patients with incident HZ divided by person-years (PY) of observation censored at the earlier of first event or death. Confidence intervals (CI) were estimated using the exact Poisson confidence limit. Results were stratified by cancer site. A z-test was used to assess the difference between IRs of HZ for hematologic vs. solid cancers.
Adjusted incidence rate ratios (IRR) of HZ in cancer vs. non-cancer patients and 95% CIs were estimated by Poisson regressions using the covariates age at diagnosis, gender, HIV-positive, diabetic, race, and immunocompromising conditions/medications (e.g., rheumatoid arthritis, lupus erythematosus, medications inhibiting tumor necrosis factor -see Additional file 1: Table S3 for description of immunocompromising conditions/ medications) to assess the incremental risk of HZ for cancer vs. non-cancer patients. Separate regressions were run on the samples of hematologic and solid cancer patients. Risk factors for developing HZ were assessed with IRRs estimated from Poisson regressions with the same set of covariates listed above as well as receipt of certain cancer therapies (hematologic cancer patients: autologous and allogeneic stem cell transplants; solid cancer patients: radiotherapy) and cancer stage at diagnosis (solid cancer patients only). Covariates whose estimated IRRs differed significantly from 1.0 were deemed to be risk factors for HZ. The proportions of patients with HZ at different time points during follow-up were also calculated. Receipt of chemotherapy, which was expected to be highly correlated with receipt of antiviral prophylaxis, could not be assessed as an independent HZ risk factor due to the lack of available pharmacy claims data prior to 2007.
Frequencies of events, observation time, proportions of HZ patients, and IRs for HZ-related complications were reported separately for the hematologic and solid cohorts. Events, observation time, and proportion of patients were based on complications diagnosed within 90 days of HZ diagnosis, and should thus be interpreted as the 90 day prevalence of complications. The IRs for HZ-related complications were calculated by Poisson regression with a log link. Patients with complications diagnosed on the same day as HZ are excluded from the regression due to lack of follow-up time. Reported estimates of 95% CIs for the IRs were estimated using the exact Poisson confidence limit. Frequencies of events and proportions of patients with HZ-related pain were reported by cancer site. Z-tests were used to assess the difference between the proportions of hematologic and solid cancer patients who developed HZrelated complications and pain.
All data analyses were performed using SAS release 9.2 or newer (SAS Institute, Inc., Cary, NC).
Results
Sample characteristics
From an initial sample of 2,110,735 cancer and 676,712 non-cancer patients, the final sample included 82,832 hematologic, 944,777 solid, and 246,308 non-cancer patients (see Figure 1 ). Patient baseline characteristics are presented in Table 1 . Significant differences existed between cancer and non-cancer patients in all characteristics considered. Due to the large sample size, not all statistically significant differences were meaningful. The average age at the index date was approximately 75-78 years across the cohorts. Compared with non-cancer patients, hematologic and solid cancer patients were slightly older on average (mean ages 77.5 and 76.1 vs. 74.7 years, p-values <0.0001). Most (62.7%) non-cancer patients were female, while hematologic cancer patients were roughly evenly divided across genders (51.0% female) and solid cancer patients tended to be male (55.1%). Most (84-89%) patients were White in race. Compared with non-cancer patients, larger proportions of hematologic and solid cancer patients were White (89.3% and 86.4%, respectively, vs. 84.1%), while smaller proportions were Asian/Pacific Islanders (2.2-2.3% vs. 3.2%) and North American Native/Alaska Native (0.2% vs. 0.4%). A smaller proportion of hematologic cancer patients were Black (4.7%) compared with solid cancer (7.9%) and non-cancer (7.6%) patients. Average followup times for hematologic and solid cancer patients were 37.8 and 52.1 months, respectively, and were significantly shorter compared to non-cancer patients (mean 85.3 months, p-values <0.0001).
Incidence rates of herpes zoster
Results on the IR of HZ are presented in Table 2 . Across the cancer types considered, the IR of HZ was lowest for patients with prostate cancer and highest for patients with Hodgkin's Lymphoma (12.3 and 47.8 per 1,000 PY, respectively). The IR of HZ was significantly higher in the hematologic vs. solid cancer cohort (31.0 vs. 14.9 per 1,000 PY, p < 0.01). Both hematologic and solid cancer patients were more likely to develop HZ compared to non-cancer patients (adjusted IRRs of 2.36 and 1.19, pvalues < 0.001).
The proportions of patients developing HZ by time since index date are plotted in Figure 2 (cancer patients in this analysis were required to have survived for at least 2 years after cancer diagnosis). Approximately 3.75% and 1.50% of patients in the hematologic and solid cancer cohorts developed HZ within 1 year of cancer diagnosis, compared with 1.10% of non-cancer patients. The proportions of hematologic and solid cancer patients who developed HZ within 2 years of cancer diagnosis were 6.6% and 3.0%, respectively. Overall, 9.2% of hematologic and 6.3% of solid cancer patients were diagnosed with HZ during follow-up. Among patients who developed HZ, the median time of HZ onset following cancer diagnosis was 34.0 months (24.8 and 35.4 months for hematologic and solid tumor patients, respectively).
herpes zoster risk factors
Results from the analysis of risk factor for HZ are presented in Table 3 . Age, gender, race, and immunocompromising conditions and/or medications were statistically significant risk factors for HZ. Conditional on cancer status, estimates from the sample that included hematologic cancer patients indicate that patients 75 to 85 years old ran a higher risk of developing HZ compared with patients ≥85 years (IRR = 1.12, p < 0.001). Males were at lower risk of developing HZ than females (IRR = 0.83, p < 0.001). Black patients were less likely to develop HZ than white patients (IRR = 0.64, p < 0.001). Patients who had immunocompromising conditions other than HIV ran a higher risk of developing HZ (IRR = 1.25, p < 0.001). Finally, receipt of autologous or allogeneic stem cell transplants was associated with a higher risk of developing HZ (IRRs of 2.07, p < 0.001; and 1.92, p = 0.024, respectively). Results from the sample that included solid cancer patients were largely similar. Radiotherapy recipients ran a slightly lower risk of developing HZ compared to solid cancer patients who did not receive radiotherapy (IRR = 0.94, p < 0.001) while patients with stage III/IV cancer at diagnosis ran a higher risk of developing HZ (IRR = 1.20, p < 0.001).
herpes zoster-related complications and pain
Results on the incidence of HZ-related complications in hematologic and solid cancer patients are presented in Table 4 . Among hematologic cancer patients, the range of IRs across the different types of complications considered was wide (0.0 for deafness, other neurological complications, and panopthalmitis to 132.5 for postherpetic polyneuropathy and postherpetic trigeminal neuralgia). 17.8% of hematologic cancer patients developed some type of complication (IR = 530.0 per 1,000 PY). Ophthalmic complications were the most prevalent (11.3% of patients; IR = 247.3 per 1,000 PY) compared with the other types of complications considered aside from HZ-related pain. Similar proportions of hematologic and solid cancer patients developed HZrelated complications across the major categories of complications considered, although a significantly larger share of hematologic cancer patients developed complications (17.8% vs. 15.8% of patients, p < 0.01).
Results on the incidence of HZ-related pain are presented in Table 5 . The proportions of hematologic and solid cancer patients who developed HZ-related pain were 47.7% and 41.0%, respectively. Significantly higher proportions of hematologic cancer patients developed HZ-related pain compared to solid cancer patients (p-values < 0.01).
Discussion
This study of elderly patients was undertaken to describe the characteristics of patients with and without cancer, provide a comprehensive analysis of the incidence and onset of HZ, HZ-related pain, and HZ complications in elderly cancer patients, and assess risk factors for developing HZ. The SEER-Medicare database facilitated the use of large samples of cancer patients, as well as a sample of non-cancer patients for comparison purposes. This study found significantly higher HZ incidence rates in cancer vs. non-cancer patients. Specifically, elderly cancer patients ran a 1.2-2.4 times higher risk of developing HZ than those without cancer. Incidence rates of HZ were lowest among patients with prostate cancer and highest among patients with Hodgkin's Lymphoma. Hematologic cancer patients tended to have the highest HZ incidence rates and develop HZ more quickly following cancer diagnosis. These findings are consistent with the previous findings of Habel, et al. and Rusthoven, et al. [6, 16] . In particular, the HZ incidence rates reported by Habel, et al. in a study of a commerciallyinsured cancer population (31 and 12 per 1,000 PY for hematologic and solid cancer patients, respectively) are very similar to those found here [6] . In addition, the proportions of hematologic and solid cancer patients developing HZ within 2 years of cancer diagnosis found in this study (6.6% and 3.0%, respectively) are comparable to those reported by Habel et al. (6% and 2%, respectively). Hematologic cancer patients also developed HZ-related complications and pain more frequently than solid cancer patients. The proportion of hematologic cancer patients with HZ developing neurologic complications (4.5%) was comparable to, and developing cutaneous and ophthalmic complications differed from, those reported elsewhere in the literature [6, 17] . In particular, the proportion of hematologic cancer patients with HZ that developed ophthalmic complications found in this study (11.3%) is substantially larger than that reported by Habel et al. (3.6%), as well as that reported by Yawn et al. in a study of HZ in non-cancer patients in Olmsted County, MN based on medical record review (4.1%) [6, 17] .
Risk factors for developing HZ included age, gender, race, immunosuppressive conditions, and certain cancer therapies. Males and black patients (relative to white patients) had a lower risk for developing HZ, consistent with data reported by Opstelten et al. [18] (gender risk factors) and Schmader et al. [19, 20] (race risk factors). Hematologic or solid cancer patients with immunocompromising conditions ran a higher risk of developing HZ, as did hematologic cancer patients who received stem cell transplants (despite the routine use of HZ prophylaxis posttransplant). Additionally, solid cancer patients with a stage III/IV cancer were at a higher risk for developing HZ. Cancer patients aged 75 to 85 years old had a higher risk of developing HZ than patients 85 years and older. This Figure 2 Proportions of patients developing herpes zoster after cancer diagnosis. The proportions of patients developing HZ by time since index date are plotted. Cancer patients in this analysis were required to have survived for at least 2 years after cancer diagnosis. The proportion of patients being diagnosed with HZ was plotted for the overall, hematologic, solid tumor, and non-cancer cohorts. Dashed lines indicate the percentage of each cohort with HZ at 1 year since the index date. Approximately 3.75% and 1.50% of patients in the hematologic and solid cancer cohorts developed HZ within 1 year of cancer diagnosis, compared with 1.10% of non-cancer patients. The proportions of hematologic and solid cancer patients who developed HZ within 2 years of cancer diagnosis were 6.6% and 3.0%, respectively. somewhat counterintuitive result may reflect different approaches (e.g., more aggressive chemotherapies, inducing greater immune suppression) used to treat elderly cancer patients aged 75 to 85 for cancer and other illnesses compared with approaches used to treat elderly cancer patients 85 years and older. These different treatment approaches may lead to different HZ risks. Habel, et al. reports a similar decreased risk of HZ for cancer patients 80 years and older compared to those younger than 80 years, but only among patients with hematologic cancers [6] .
There is a wide range of estimates of post-herpetic neuralgia incidence ranging from <1% to 70% previously reported in the literature, with this study reporting proportions of patients with HZ-related pain (41.0% and 47.7% for solid and hematologic cancer patients, respectively) on the higher end [21] [22] [23] . This higher estimate may be a result of a possible lack of specificity of the claims data definition employed on the cancer population. Cancer patients may have other painful conditions associated with their oncological therapy that may be getting attributed to HZ-related pain.
This study has several notable limitations. As with all claims database analyses, ICD-9 codes were used to identify diagnoses; these codes may not reflect confirmed clinical diagnoses and lack information to assess severity of illness. Medical services obtained outside of a patient's plan are not captured in claims data, so HZ incidence in this study may be underestimated. The analysis of HZ-related pain may not reflect the true incidence of HZ-related pain in the studied populations. Specifically, the definition may cause our study to overstate the incidence of HZ-related pain among cancer patients compared with non-cancer patients by classifying general cancer-related pain as HZ-related pain, particularly since pain may be more likely to be diagnosed in cancer patients (who likely receive regular evaluations and treatment) compared with non-cancer patients. No validation of codes and algorithms for identifying HZ and its complications was performed. However, a study that performed validation with comparison to electronic medical records found high positive predictive value (PPV) for identifying HZ and its complications (78%-93%) [12] . The SEER-Medicare data extract used in this study did not include patients with multiple myeloma. Receipt of chemotherapy was not analyzed as an HZ risk factor due to the lack of available pharmacy claims data prior to 2007. Finally, some of the steroids defined as immunosuppressive treatments could be part of a cancer treatment protocol. First events, person-years of observation, and % with event based on complications diagnosed within 90 days of HZ diagnosis and should thus be interpreted as the 90-day prevalence of complications. Incidence rates are estimated by Poisson regression with a log link. Patients with complications diagnosed on the same day as HZ are excluded from the regression due to lack of follow-up time. Thus, dividing the number of first events by the person-years of observation will not match the incidence rate estimates.
2 CI = confidence interval. 3 The p-value of the difference in % with any complication for hematologic vs. solid cancer was <0.01. 4 See Additional file 1: Table S2 for ICD-9 codes used to define complications. Patients were observed following the incident diagnosis of herpes zoster. 
